Abstract. Morphologic investigations of the human visual pathways have been limited by the infeasibility of modem neuroanatomical approaches. Although eomtemporary methods for tracing axon pathways (such as tracer injections and electrophysiology) have elucidated the visual system in experimental animals, these techniques cannot be similarly applied in humans. Thus, the present view of the neuroanatomy of the human visual system is based largely on experimental animal studies, classical simple observationsof gross human brains, and clinical inference. We demonstrate usc of the stain, paraphenylenediamine (PPD), in conjunction with standardmethodsof tissuepreparation for transmission electron microscopy. Osmium precipitates on degenerating neural processes, resulting in a dark profile when examinedby electronmicroscopy. PPDchelatesthe osmium in osmiumtetroxide-fixed tissue, and thus becomes a light-opaque marker of degenerating processes. This technique allows the identification and tracing of degenerating or degenerated axons. Postmortem studies of six patients, four with documented optic nerve lesions, are presented.The degenerated retinal ganglion nerve fibers are followed with PPD and confirmed with electron microscopy. Previously proposed, primary visual projections arc confirmed and new retinofugal pathways arc demonstrated in the human brain.
INTRODUCTION
What we know about human visual pathways comes from the indirect evidence of animal experiments and from the classical gross observations of human brains. Perhaps the most fruitful method in the animal studies utilizes a silver stain to follow degenerating fibers produced by an experimental lesion (1) (2) (3) (4) . This technique cannot be used in humans, because of several obstacles. Material from patients with documented damage to the optic nerve is difficult to obtain. In autopsy material, fixation is usually of poor quality, and the interval between the occurrence of a neurologic lesion and tissue availability is variable and often prolonged. These limitations, as well as an intrinsic difference in the staining quality of human brain material, may explain why investigators have had difficulty in following degenerating fibers with silver stains in the human visual system (5). Despite such problems in the silver staining of human tissue, a few investigators (5, 6) have applied careful control of staining parameters in modifications of silver stains that have yielded some results, in man, after long-term survival. Other experimental techniques, including electrophysiology and the use of tracers such as horseradish peroxidase, obviously cannot be effectively applied to humans, although they have added much to our understanding of the visual system in various animals (7).
